Abstract: Collapse of the mitochondrial membrane potential (MMP) is often considered the initiation of regulated cell death (RCD). Carbonyl cyanide 3-chlorophenylhydrazone (CCCP) is an uncoupler of the electron transport chain (ETC) that facilitates the translocation of protons into the mitochondrial matrix leading to the collapse of the MMP. Several cell stress responses such as mitophagy, mitochondrial biogenesis and the ubiquitin proteasome system may differentially contribute to restrain the initiation of RCD depending on the extent of mitochondrial damage. We induced graded mitochondrial damage after collapse of MMP with the mitochondrial uncoupler CCCP in Burkitt's lymphoma cells, and we evaluated the effect of several drugs targeting cell stress responses over RCD at 72 hr, using a multiparametric flow cytometry approach. CCCP caused collapse of MMP after 30 min., massive mitochondrial fission, oxidative stress and increased mitophagy within the 5-15 lM low-dose range (LDR) of CCCP. Within the 20-50 lM high-dose range (HDR), CCCP caused lysosomal destabilization and rupture, thus precluding mitophagy and autophagy. Cell death after 72 hr was below 20%, with increased mitochondrial mass (MM). The inhibitors of mitophagy 3-(2,4-dichloro-5-methoxyphenyl)-2,3-dihydro-2-thioxo-4(1H)-quinazolinone (Mdivi-1) and vincristine (VCR) increased cell death from CCCP within the LDR, while valproic acid (an inducer of mitochondrial biogenesis) also increased MM and cell death within the LDR. The proteasome inhibitor, MG132, increased cell death only in the HDR. Doxycycline, an antibiotic that disrupts mitochondrial biogenesis, had no effect on cell survival, while iodoacetamide, an inhibitor of glycolysis, increased cell death at the HDR. We conclude that mitophagy influenced RCD of lymphoma cells after MMP collapse by CCCP only within the LDR, while proteasome activity and glycolysis contributed to survival in the HDR under extensive mitochondria and lysosome damage.
Regulated cell death (RCD) involves an active form of cell suicide that occurs when homeostatic cell stress responses are overwhelmed under cell damage, such as that caused by cytotoxic drugs [1] . The initiation of mitochondrial apoptosis may occur in situations where drugs directly elicit cytotoxic effector pathways, or when they block pro-survival cells' stress responses [2] . Massive collapse of mitochondrial membrane potential (MMP) is often considered the initial step of mitochondrial apoptosis, also known as intrinsic apoptosis [3] . This is due to increased mitochondrial reactive oxygen species (ROS) and extensive mitochondrial damage after collapse of MMP [4] . Increased mitochondrial ROS leads to oxidation of cardiolipin (CL), release of cytochrome c from mitochondria, formation of the apoptosome and activation of caspases, among many other molecular events [5] . Several pharmacological compounds used in the treatment for leukaemia and lymphomas, including arsenic, fludarabine and anti-CD20, are known to initiate mitochondrial apoptosis [6] . Carbonyl cyanide 3-chlorophenylhydrazone (CCCP) is an uncoupler of the electron transport chain (ETC). Uncouplers are small molecules that allow the movement of protons into the mitochondrial matrix after their electrochemical gradient, leading to the collapse of the MMP, increased mitochondrial ROS and progressive mitochondrial failure that leads to apoptosis [7] . Several cytotoxic drugs share this initial step of mitochondrial apoptosis and the term 'mitocans' has been proposed to refer to drugs with anticancer activity that induce apoptosis by destabilizing the mitochondria [6] . The therapeutic margin of CCCP and other classical uncouplers is relatively narrow for clinical use, and a new generation of uncouplers aims to overcome this obstacle [8] . However, the study of cell stress responses opposing the effect of uncouplers may be relevant to the understanding of the mechanisms of resistance to other mitocans. Mitochondrial damage initiates a broad spectrum of stress responses that are often enhanced in tumour cells. Therefore, these cells may be able to bypass the initiation of apoptosis and survive even with massive collapse of MMP [9, 10] . Mitophagy has been proposed as one of the stress responses that aids to eliminate damaged mitochondria and prevent the initiation of apoptosis [11] . Externalization of mitochondrial CL can operate as an 'eat-me' signal at the initiation of mitophagy [12] . Enhanced mitophagy in lymphoma and leukaemia cells can be an important factor contributing to pharmacological resistance to cytotoxic drugs [13] . Mitophagy requires fission of mitochondria, and compounds that prevent fission, such as 3-(2,4-dichloro-5-methoxyphenyl)-2,3-dihydro-2-thioxo-4(1H)-quinazolinone (Mdivi-1), may hamper mitophagy at its very early step [14] . Inhibitors of the microtubule network such as vincristine (VCR), widely used in drug combinations in the treatment for leukaemia and lymphoma, can block mitophagy by preventing the transport and delivery of mitophagosomes to lysosomes, the organelle where eventual elimination takes place [10, 13, 15] . Mitochondrial biogenesis may contribute to cell survival after drug-induced mitochondrial damage [16] . In that sense, mitochondrial biogenesis may be seen as a stress response in itself, completing a cycle of mitochondrial turnover [17] . Valproic acid is known to increase mitochondrial biogenesis and could aid some tumour cells to survive [13, 18] . However, the increase in mitochondrial mass may be harmful in conditions of persistent mitochondrial damage [19] . Finally, the metabolic crisis due to massive mitochondrial damage may create a temporal dependence on glycolysis as a source of energy for cell survival [20] .
In this study, we evaluated the influence of drugs targeting cell stress responses on survival rates at 72 hr, after incremental mitochondrial damage inflicted by CCCP treatment on Burkitt's lymphoma cells. We found that at low CCCP doses, mitophagy actively contributed to cell survival, but at higher doses mitophagy was no longer possible due to complete destabilization and rupture of lysosomes.
Materials and Methods
Reagents, cell line and culture conditions. Carbonyl cyanide 3-chlorophenylhydrazone (CCCP) and 3-(2,4-dichloro-5-methoxyphenyl)-2,3-dihydro-2-thioxo-4(1H)-quinazolinone (Mdivi-1) were from Sigma (Buenos Aires, Argentina). Stock solutions were prepared in dimethyl sulphoxide (DMSO) at 80 mM and 5 mM concentration, respectively. The maximal final concentrations of DMSO used in samples were 0.06% and 1%, respectively. MG-132 was obtained from Calbiochem (San Diego, CA, USA) and prepared as 5 mM stock solutions. Valproic acid was from Casasco Pharmaceuticals (Argentina) and was prepared freshly as a 100 mM stock solution in RPMI-1640. Doxycycline was from Pfizer Pharmaceuticals (Argentina) and was prepared freshly as a 20 mM stock solution in phosphate-buffered saline (PBS). Vincristine was kindly provided by Laboratorio Filaxis (Argentina). RPMI-1640, penicillin, streptomycin, fluorescein diacetate (FDA), tetramethy lrhodamine ethyl ester (TMRE), Nonyl-acridine orange (NAO), hydroethidine (HE), 5-chloromethylfluorescein diacetate (5CMF), propidium iodide (PI) and MitoTrackerR Red (MTKred) were purchased from ThermoFisher. Raji cells were purchased from ATCC and grown in RPMI 1640 with 10% foetal bovine serum (FBS) at 37°C in a 5% CO 2 atmosphere. Cells were subcultured at 1:2 ratios every 2-3 days in 75-cm 2 culture flasks (Corning) with a viability >95%. For the experimental assessment of drugs, Raji cells were decanted in 24-well culture plates at 0.5 9 10 6 /ml. Serial dilutions of CCCP or drug combinations were added in triplicate. RPMI was added as untreated control. The final volume of media in the 24-well plate for each culture sample was 1 ml. The plates were incubated for 30 min. or 72 hr at 37°C with 5% CO 2 .
Labelling of cells with fluorescent probes for fluorescence microscopy and flow cytometry. Nonyl-acridine orange (NAO), a green fluorescent probe that binds to cardiolipin (CL), was used to estimate mitochondrial mass (MM) by flow cytometry [13] . NAO emits low fluorescence when bound to oxidized CL (oxCL) and high fluorescence when bound to non-oxidized normal CL (rdCL) in the internal mitochondrial membrane [21, 22] . NAO was prepared as a 5 mM stock solution in ethanol and diluted to 100 nM in PBS to stain cells for 15 min. at 37°C. The cells were washed once in PBS and analysed by flow cytometry or fluorescence microscopy.
For the observation of lysosomes, Raji cells were stained first with 20 lM acridine orange (AO; from Sigma) for 10 min., washed in PBS and pelleted before mounting onto slides for live observation under fluorescence microscopy. AO becomes highly concentrated in acid vesicles and emits red fluorescence due to spectral shift [23] .
For the observation of autophagosomes, cells were stained with 50 lM monodancyl cadaverine (MDC; from Sigma) in RPMI at 37°C for 10 min. and evaluated by flow cytometry or fluorescence microscopy [13] . For double-stained assays in fluorescence microscopy, cells were first stained with AO as described above and then labelled with MDC for 10 min. Observation of autophagolysosomes by red fluorescence after UV light excitation was made at least 20 min. after labelling with MDC, to allow this probe that loads into autophagosomes to partially reach the lysosomes and mix with AO, which is highly concentrated in lysosomes. The coincidence of MDC and AO in lysosomes created a donor-acceptor interaction that produced red fluorescence emission with UV excitation in autophagolysosomes. We used MTKred as an alternative fluorescent marker for mitochondria in fluorescence microscopy assays. A stock solution of 1 mM MTKred was prepared in DMSO and further used to label cells by suspending them at a final concentration of 50 nM for 20 min. at 37°C in PBS (final concentration of DMSO below 0.01%), then washed once in PBS and mounted onto slides for microscopic observation. Superoxide anion (O À 2 ) was evaluated with hydroethidine (HE), a probe that is oxidized to ethidium by intracellular O À 2 , and glutathione (GSH) levels were detected with 5-chloromethylfluorescein diacetate (5CMF), a probe that forms fluorescent adducts with intracellular non-protein thiols [24] . Staining with 1 lM fluorescein diacetate (FDA) and 1 lM PI was also conducted to obtain a comparative score of dead cells by flow cytometry [24, 25] . In addition, FDA was used as a probe for intracellular pH for monitoring changes after 30-min. treatment with CCCP [26] .
Multiparametric flow cytometry assessment of MM, MMP, autophagosomes and cell death. We employed a flow cytometry multiparametric method to simultaneously assess mitochondrial mass (MM), mitochondrial membrane potential (MMP), cell death and the amount of autophagosomes in single cells. The MMP was evaluated by the potentiometric probe TMRE [13] . Cells were incubated in 0.05 lM TMRE for 20 min. at 37°C. The MM was evaluated with NAO, cell death was evaluated with 1 lM PI, and autophagosomes were evaluated with 50 lM MDC.
Cellular and subcellular flow cytometry analysis. All samples were evaluated in a Partec PAS III flow cytometer equipped with a 20-mW 488-nm argon blue laser and a 100-W UV lamp (Partec, GmbH, M€ unster, Germany). A total of 20,000 cells were analysed in each sample. Fluorescence from NAO, FDA and 5CMF was collected through a 520/10-nm bandpass (BP) filter (FL1). Fluorescence from TMRE and HE was collected with a 590/20-nm BP filter (FL2), and PI was collected with 670/20-nm BP filter. MDC was the only probe excited with UV light 340/30 nm in a separate illumination point and collected with a 455/10-nm BP filter (FL6).
For subcellular flow cytometry analysis, samples were stained with NAO and PI as described above, sonicated for 2 min. at 30 kHz and immediately run in the flow cytometer [10, 27] . Acquisition was restricted to mitochondria-containing particles using NAO fluorescence threshold as the input criteria. A total of 40,000 mitochondria-containing particles were analysed in each sample. Forward-scattered light (FSC) and side-scattered light (SSC) parameters were acquired in log scale. The area and width of the pulses of SSC and FSC (SSC-A, SSC-W, FSC-A and FSC-W, respectively) were recorded and used for the analysis of shape changes in mitochondria-containing particles after CCCP treatment. Flow cytometry data analysis was performed with Flomax software (Partec, Germany) and WinMDI 2.8 (Scripps Research Institute, USA).
Light and fluorescence microscopy. Slide preparations were observed in an Olympus BX-51 fluorescence microscope equipped with a 100-Watt mercury lamp, a halogen lamp for transmitted light, U-plan fluorite objectives and three fluorescence filter cubes (U-MWU2, U-MWB2 and U-MWG2 for ultraviolet, blue and green excitation light, respectively). All images were acquired with a digital Q-Color 3 Olympus camera and Image-Pro Plus 6.0 software (Media Cybernetics, Rockville, MD, USA). Image processing was performed with Image-Pro Plus 6.0. MDC fluorescence (cyan) and FRET (fluorescence resonance energy transfer) between MDC and AO in autophagolysosomes (red fluorescence) were evaluated at excitation wavelength of 330-385 nm (U-MWU2 filter). NAO and AO were evaluated at excitation wavelength of 450-480 nm (U-MWB2 filter). MTKred fluorescence was evaluated at excitation wavelength of 510-550 nm (U-MWG2 filter). More than 50 images at 10009 magnification per treatment were acquired. For the assessment of morphometric data, monochrome layers from RGB images were digitally separated, pseudo-coloured and segmented with Image-Pro Plus 6.0. Improvement of edge detection was obtained with fast Fourier transformation (FFT) and Laplace filter. Morphometric measurements (area, roundness, perimeter, major axis, minor axis) of segmented features were exported to MS-Excel, and statistical analysis was performed with GraphPad Prism 4.0 (GraphPad Software, Inc., La Jolla, CA, USA). Image merging and colocalization analysis were also performed with Image-Pro Plus 6.0 (Media Cybernetics, Rockville, MD, USA).
Statistical analysis. Data obtained from digital analysis of images were evaluated for differences in distribution by the nonparametric Kruskal-Wallis test, followed by Dunn's post hoc test to check statistical significance of differences between treated samples. Two sample cases were evaluated with Mann-Whitney U-test. Box-Whisker plots were obtained with GraphPad Prism to visualize the drug-induced changes in each parameter frequency distribution.
Results
CL content, MMP and cell viability assessed through NAO versus TMRE/PI correlation plots. MMP, MM and cell death were evaluated with a triple fluorescent stain (TMRE, NAO and PI, respectively) and analysis by flow cytometry. The correlation plots of NAO versus TMRE showed three clusters: (i) cells with high MMP and high NAO fluorescence, (ii) cells with collapsed MMP and high NAO fluorescence and (iii) cells with collapsed MMP but low NAO fluorescence ( fig. 1A) . The abrupt reduction in NAO fluorescence has been previously demonstrated to be caused by massive oxidation of cardiolipin [21] . Thus, we refer to low NAO fluorescence as oxCL content and high fig. 1F ), live cells with collapsed MMP but no evidence of oxCL (cluster 2 in fig. 1F ), live cells with collapsed MMP but oxCL (cluster 3 in fig. 1F ) and finally a cluster of dead cells (cluster 4 in fig. 1F ). We will further refer to clusters 1-4 in the text to interpret changes induced by drug treatment. fig. 1F (shown in Figure S1 ).
CCCP induced mitochondrial fission.
The fluorescence microscopy of NAO-stained cells evaluated after 30 min. showed that CCCP treatment caused a shift from partially elongated shapes to predominantly round shapes in the mitochondrial network ( fig. 2A) . These changes were quantified by digital image processing computing the roundness index (RI), a morphometric measure that approaches 1.0 in perfectly round features and sets off from 1.0 in elongated shapes ( fig. 2B ). We next used subcellular flow cytometry to confirm the increase in the amount of round-shaped mitochondria. In this approach, the cell suspensions stained with NAO were ruptured by ultrasound cavitation immediately prior to flow cytometry analysis. Only particles with mitochondrial (fig. 2C ). The complete rupture of cells was monitored in correlation plots to exclude intact cells and particles that laid out of the main cluster of subcellular particles ( fig. 2D ). The increase in round-shaped mitochondria was correlated with the increase in SSC-A (the area of the pulse of side-scattered light generated by mitochondria-containing particles), as illustrated in fig. 2C . The increase in the fraction of mitochondria-containing particles with high SSC-A as a function of CCCP dose is shown in fig. 2E .
CCCP induces a dose-dependent lysosomal volume expansion and rupture with cytoplasmic acidification. As mitophagy involves the eventual degradation in the lysosomes, we explored the changes induced by CCCP in the morphological distribution of lysosomes. Within the range 5-30 lM CCCP, we noted an increase in the area of lysosomes as indicated by AO staining and fluorescence microscopy ( fig. 3A) . This lysosomal expansion was associated with lysosome rupture in many cells and complete elimination of lysosomes in other cells, particularly with doses of 30-40 lM CCCP ( fig. 3A and B) . Similar results were obtained after staining with the lysosome probe neutral red (data not shown). In addition, lysosome rupture was correlated with intracellular acidification, as indicated by staining with FDA, a fluoresceinbased probe that decreases fluorescence emission at low intracellular pH [26] (fig. 3C ). ( fig. 3D and E) . The increase in MDC fluorescence after CCCP treatment was confirmed by UV-excited flow cytometry ( fig. 3F ). The correlation analysis of NAO versus MDC showed that the increase in autophagosomes occurred in live cells with rdCL content (fig. 3F ). There was also an increase in the area of colocalized mitochondria and autophagosomes in samples treated with 10 lM CCCP ( fig. 3G and H) .
CCCP induced an increase in autophagolysosomes as detected by MDC + AO staining. Autophagosomes were observed through the cyan fluorescence of MDC with UV excitation ( fig. 4A through D) , while lysosomes were observed through red fluorescence emission of AO with blue light excitation ( fig. 4E and F) , in doublestained cells. After 20-to 30-min. incubation with both MDC and AO, some autophagosomes showed red fluorescence with UV light excitation. This occurred due to the delivery of the probe MDC to the lysosomes and interaction with AO. This interaction resulted in decreased blue fluorescence from MDC and increased red fluorescence from AO at the sites of autophagolysosomes ( fig. 4G and H) , due to the occurrence of fluorescence resonance energy transfer (FRET) between MDC (donor probe) and AO (acceptor probe). The merged image of autophagosomes and lysosomes ( fig. 4J through M) showed that colocalization areas were partially coincident with autophagolysosomes as directly observed through red fluorescence emission with UV light excitation ( fig. 4N through Q) .
Survival of cells after 72 hr of CCCP treatment and changes in CL content and MMP.
We next explored the effect of increasing doses of CCCP after 72 hr to determine the extent of tolerance to the sudden increase in mitochondrial and lysosome damage, with high levels of oxidative stress and intracellular acidification. The percentages of cells within each of the regions of the correlation plots described in fig. 1F , observed at different CCCP doses in 72-hr assays, were plotted in line graphs ( fig. 5A ). In addition, the changes in MM and MMP as indicated by NAO and TMRE fluorescence were also plotted in line graphs ( fig. 5 top) . The effects were different within the 0-15 lM fig. 5A and B) . Within the HDR, there were no changes in MM, no positive MMP, an increased fraction of cells with rdCL (cluster 2) and of cells with collapsed MMP and oxCL (cluster 3), with a fraction of dead cells of about 20% (cluster 4) (fig. 5A ). The viability scored by the NAO TMRE PI triple staining was confirmed to be similar to that evaluated by the FDA PI staining method ( fig. 5C ).
Drugs that block mitophagy increase MM and compromise survival after 72 hr of CCCP treatment particularly in the LDR of CCCP. Mdivi-1 is an inhibitor of Drp1, a molecule required for mitochondrial fission [28] . By blocking fission, Mdivi-1 inhibits the first step of mitophagy, apart from creating a hyperfused mitochondrial network. 7A ). Doxycycline disrupts mitochondrial biogenesis by altering mitochondrial protein import [29, 30] . Cotreatment with 10 lM doxycycline and CCCP slightly decreased MM within the LDR of CCCP, but had a negligible effect on cell survival when compared to cells treated only with CCCP (Figure S3) . The proteasome can have a critical role in the absence of mitophagy to restore mitochondrial function. In contrast to inhibitors of mitophagy, MG132 increased cell death only in the HDR of CCCP ( fig. 7B ). In addition, cotreatment with MG132 decreased MM at the LDR and the HDR, decreased the amount of cells in cluster 2 within the HDR and had no effect on the amount of cells in clusters 1 and 3 at any of the CCCP doses evaluated ( fig. 7B ). The inhibitor of glycolysis iodoacetamide (IAA) [31] had an influence only in the HDR of CCCP with increased cell death (cluster 4), decreased cells in cluster 2 and increased cells in cluster 3 ( Figure S3 ).
Discussion
Mitochondrial destabilization as a drug target has been considered an auspicious approach to cancer treatment [32] . The renewed interest in uncouplers for the treatment of several diseases associated with alterations in mitochondrial function, including cancer, has fostered the recent development of new uncouplers with improved therapeutic index [8] . The mechanism of damage by collapse of the MMP and mitochondrial failure is shared by almost all cytotoxic drugs that target mitochondria, and pro-survival cell stress responses that oppose the effect of uncouplers like CCCP may be involved in resistance to other mitocans as well [6] . Although collapse of MMP is often considered the first step in mitochondrial apoptosis, as shown in the present study CCCP caused MMP collapse within 30 min. in the Burkitt's lymphoma cell line Raji, but less than 20% of cells were dead after 72 hr. Therefore, MMP collapse and massive oxidative stress, with widespread cellular damage, lysosome destabilization and intracellular acidification, were not enough to trigger mitochondrial apoptosis and cell death in the majority of CCCPtreated cells. In the context of RCD, this result raises the intriguing question of what cellular stress responses could be behind the high tolerance to such a widespread cellular damage caused by CCCP. In some cases, aggressive cancer cells may be dependent on particular stress response, and inhibition of such dominant stress response could be lethal for cancer cell survival. The high potency of proteasome inhibitors in multiple myeloma cells is often cited as a leading example of this concept. Myeloma cells are highly dependent on the ubiquitin proteasome system (UPS), and proteasome inhibitors induce endoplasmic reticulum stress and cell death [33] . However, it is also possible that many kinds of cell stress responses could operate at the same time and even have differential predominance depending on the extent of mitochondrial and cellular damage. Mitophagy was the main candidate to support survival after CCCP treatment, because it could aid in elimination of the root cause of cell damage, that is the faulty mitochondria. However, mitophagy requires functional lysosomes, and massive lysosomal destabilization and rupture excludes a protecting role of mitophagy in the HDR of CCCP treatment. The inhibitors of mitophagy Mdivi-1 and VCR increased cell death within the LDR, suggesting that mitophagy as a protective cell stress response still had a role within the LDR of CCCP treatment. Many other features of active mitophagy and autophagy were present within the LDR of CCCP, such as expansion of autophagosomes, autolysosomes and colocalization between autophagosomes and mitochondria. Mdivi-1 and VCR increased MM, particularly over the LDR, confirming that inhibition of mitophagy led to the accumulation of mitochondria. In addition, decreased amount of cells with positive MMP (cluster 1), decreased live cells with collapsed MMP and rdCL content (cluster 2), increased live cells with collapsed MMP and oxCL (cluster 3) were all changes consistent with increased mitochondrial damage and increased cell death (cluster 4) after inhibition of mitophagy within the LDR.
Mdivi-1 but not VCR increased cell death due to CCCP in the HDR. This could be due to the possible adverse effect of hyperfusion with uncoupling of the ETC and extensive mitochondrial damage. Thus, mitophagy could be the predominant stress response within the LDR of CCCP, but not in the HDR.
Under lysosomal destabilization as occurred within the HDR, the biogenesis of new mitochondria could operate as a compensating pro-survival response. However, VPA increased MM only within the LDR, and in fact, it increased cell death. Within the HDR, VPA had only a marginal effect and almost no influence on cell death rates caused by CCCP. Doxycycline, an antibiotic that disrupts mitochondrial biogenesis [29] , decreased MM within the LDR, but had no effect on survival rates from CCCP treatment.
The UPS could have a compensating role as part of the unfolded protein cell stress response when mitophagy and autophagy are halted, as occurred in the HDR of CCCP [34] . The UPS is an active part of an alternative mitochondrial quality control process known as outer mitochondrial membrane-associated degradation (OMMAD) [35] . Consistent with this notion, the proteasome inhibitor MG132 increased cell death and decreased cells in cluster 2, only within the HDR of CCCP treatment. The widespread mitochondrial damage within the HDR of CCCP would create a demand for enhanced glycolysis. This could explain the enhanced cell death that we observed with the inhibitor of glycolysis IAA over the HDR of CCCP [36] . Thus, several stress responses including mainly the UPS and metabolic reprogramming may operate concurrently within the HDR of CCCP to support survival and avoid RCD in lymphoma cells. The assessment of differential predominance of cell stress responses after incremental mitochondrial damage may contribute to the design of combinations of targeted cytotoxic drugs. The threshold to initiate RCD may be lowered by targeting these stress responses. In particular, drugs that destabilize lysosomes may block mitophagy and synergize with proteasome inhibitors and drugs that initiate mitochondrial apoptosis.
